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(54) Title: DOWNHOLE EXPANDABLE TUB[NG 

(57) Abstract: A downholc apparatus comprises a plurality of tubing sections. Each tubing section has substantially cylindrical end 
portions initially of a first diameter for coupling to end portions of adjacent lubing sections. The end portions are expandable m a 
laTger second diameter. Each tubing section also has an intermediate folded wall portions initially in a folded configuration. The 
intermediate folded wall portions are unfoldable to define a substantially cylindrical form of a third diameter. 
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DOWNHOLE EXPANDABLE TUBING 

This invention relates to deformable tubing, and in 
particular to deformable tubing for us,e in downhole 
applications . 

There have been numerous proposals for forms of 
deformable tubing for use in downhole applications. One 
such form is relatively thin-walled "(T-shaped 1 " or "folded" 
tubing which comprises tubing which is or has been 
collapsed, flattened, corrugated, folded or otherwise 
deformed to assume a smaller diameter configuration. One 
example of such tubing is described in US Patent No. 
5,794,702 (Nobileau) . For brevity, such tubing will 
hereinafter be referred to as "folded" tubing. The tubing, 
which is typically continuous and reelable, is run into a 
bore in the folded configuration and then unfolded, by use 
of an appropriately shaped cone or application of internal 
pressure, to assume a larger diameter cylindrical form. 

Use of such folded tubing is also disclosed in EP 0 
952 306 Al (Shell Internationale Research Maatschappij 
B.V.), the various forms of folded tube being spooled 
around a reeling drum in their folded shape and reeled from 
the drum into an underground borehole. 

WO 99/35368 (Shell Internationale Research 
Maatschappij B.V.) discloses methods for drilling and 
completing a hydrocarbon production well. The well is 
lined with tubing which is expanded downhole to provide a 
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slim borehole of almost uniform diameter. In one 
embodiment, the tubing is made up of a series of pipe 
sections that are interconnected at the wellhead by screw 
joints, welding or bonding to form an elongate pipe of a 
substantially cylindrical shape that can be expanded and 
installed downhole. 

It is among the objectives of embodiments of the 
present invention to facilitate use of folded tubing in 
downhole applications, and in particular to permit use of 
tubing made up from a plurality of folded pipe sections 
which may be coupled to one another at surface before being 
run into the bore . 

According to a first aspect of the present invention 
there is provided downhole apparatus comprising a plurality 
of tubing sections, each tubing section having 
substantially cylindrical end portions initially of a first 
diameter for coupling to end portions of adjacent tubing 
sections and being expandable at least to a larger second 
diameter, and intermediate folded wall portions initially 
in a folded configuration and being unfoldable to define a 
substantially cylindrical form at least of a larger third 
diameter . 

The invention also relates to a method of lining a 
bore using such apparatus. 

Thus, the individual tubing sections may be coupled 
together via the end portions to form a string to be run 
into a bore. The tubing string is then reconfigured to 
assume a larger diameter configuration by a combination of 
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mechanisms, that is at least by unfolding the intermediate 
portions and expanding the end portions. The invention 
thus combines many of the advantages available from folded 
tubing while also taking advantage of the relative ease of 
coupling cylindrical tubing sections; previously, folded 
tubing has only been proposed as continuous reelable 
lengths, due to the difficulties that would be involved in 
coupling folded tubing sections. 

Preferably, transition portions are be provided 
between the end portions and the intermediate portions, and 
these portions will be deformable by a combination of both 
unfolding and expansion. The intermediate wall portion, 
transition portions and end portions may be formed from a 
single piece of material, for example from a single 
extrusion or a single formed and welded sheet, or may be 
provided as two or more parts which are assembled. The 
different parts may be of different materials or have 
different properties. The end portions may be foldable, 
and may have been previously folded. Alternatively, or in 
addition, the end portions may be folded following coupling 
or making up with other end portions. This would allow 
cylindrical tubing sections to be made up on site, and then 
lowered into a well through a set of rollers which folded 
the tubulars including the end portions, into an 
appropriate, smaller diameter folded configuration. 
Indeed, in certain aspects of the invention the end portion 
may only be subject to unfolding, and may not experience 
any expansion . 


SUBSTITUTE SHEET (RULE 26) 


WO 02/35058 PCT/GB01/04763 

4 

The end portions may be provided with means for 
coupling adjacent tubing sections. The coupling means may- 
be , in the form of male or female threads which allow the 
tubing sections to be threaded together. Alternatively, or 
5 in addition, the coupling means may comprise adhesive or 

fasteners, such as pins, bolts or dogs, or may provide for 
a push or interference type coupling. Other coupling means 
may be adapted to permit tubing section to be joined by 
welding or by amorphous bonding. Alternatively, or in 
10 addition, the apparatus may further comprise expandable 

tubular connectors. In one embodiment, an expandable 
connector may define female threads for engaging male 
threaded end portions of the tubing sections. 

Preferably, the first diameter is smaller than the 
15 third diameter. The second and third diameters may be 

substantially the sam£ . Alternatively, the unfolded 
intermediate wall portions may be expandable from the third 
diameter to a larger fourth diameter, which fourth diameter 
may be substantially the same as the second diameter. 
20 According to another aspect of the present invention 

there is provided a method of creating a bore liner, the 
method comprising: 

providing a tubing section having a folded wall and 
describing a folded diameter; 
25 running the tubing section into a bore ; 

unfolding the wall of the tubing section to define a 
larger unfolded diameter.;- and 

expanding the unfolded wall of the tubing section to 
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a still larger diameter. 

This unfolding and expansion of the tubing section is 
useful in achieving relatively large expansion ratios which 
are difficult to achieve using conventional mechanisms, and 
also minimising the expansion forces necessary to achieve 
desired expansion ratios. 

The unfolding and expansion steps may be executed 
separately, or may be carried out in concert. One or both 
of the unfolding and expansion steps may be achieved by 
passing an appropriately shaped mandrel or cone through the 
tubing, by applying internal pressure to the tubing, or 
preferably by rolling expansion utilising a rotating body 
carrying one or more rolling members, most preferably a 
first set of rolling members being arranged in a conical 
form or having a tapered form to achieve the initial 
unfolding, and a further* set of rolling members arranged to 
be urged radially outwardly into contact with the unfolded 
tubing section wall. Of course, the number and 

configuration of the rolling member sets may be selected to 
suit particular applications or configurations. The 
initial deformation or unfolding may be achieved by simple 
bending of the tubing wall, and subsequent expansion by 
radial deformation of the wall, reducing the wall thickness 
and thus increasing the wall diameter. 

The tubing section may be reelable, but is preferably 
formed of jointed pipe, that is from a plurality of shorter 
individual pipe sections which are connected at surface to 
make up a tubing string. Alternatively, the tubing section 
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may be in the form of a single pipe section to be used as, 
for example, a straddle. 

Preferably, an upper portion of the tubing section is 
deformed initially, into contact with a surrounding wall, 
5 to create a hanger and to fix the tubing section in the 

bore. Most preferably, said upper portion is initially 
substantially cylindrical and is expanded to create the 
hanger. The remainder of the tubing section may then be 
unfolded and expanded. 

10 The tubing section may be expanded into contact with 

the bore wall over some or all of the length of the tubing 
section. Where an annulus remains between the tubing 
section and the bore wall this may be filled or partially 
filled by a settable material, typically a cement slurry. 

15 Cementation may be carried out before or after expansion. 

In other embodiments; "a deformable material, such as an 
elastomer, may be provided on all or part of the exterior 
of the tubing section, to facilitate formation of a sealed 
connection with a surrounding bore wall or surrounding 

20 tubing. 

These and other aspects of the present invention will 
now be described, by way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 is a schematic view of a section of 

25 deformable downhole tubing in accordance with an embodiment 

of the present invention; 

Figure 2 is a sectional view on line 2 - 2 of Figure 

1; 
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Figure 3 is a sectional view corresponding to Figure 
2, showing the tubing following expansion; 

Figure 4 is a sectional view on line 4 - 4 of Figure 
1 ; and 

Figure 5 is a schematic view of a step in the 
installation of a tubing string in accordance with an 
embodiment of the present invention. 

Reference is first made to Figure 1 of the drawings, 
which illustrates downhole tubing 10 in accordance with a 
preferred embodiment of the present invention. The tubing 
10 is made up of a plurality of tubing sections 12, the 
ends of two sections 12 being illustrated in Figure 1. 
Each tubing section 12 defines a continuous wall 14 such 
that the wall 14 is fluid tight. Bach tubing section 12 
comprises two substantially cylindrical end portions 16 
which are initially of a* first diameter d x (Figure 2) and, 
as will be described, are expandable to a larger second 
diameter Dj (Figure 3) . However, the majority of the length 
of each tubing section 12 is initially in a folded 
configuration, as illustrated in Figure 4, describing a 
folded diameter d 2 and, as will be described, is unfoldable 
to a substantially cylindrical form of diameter D-*, and 
subsequently expandable to the same or similar diameter 
as the expanded end portions IS. 

Between the end portions 16 and intermediate portions 
18 of each tubing section 12 are transition portions 20 
which are adapted to be deforme~d~ by a combination of 
unfolding and expansion to the diameter D... 
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In use, the tubing sections 12 may be coupled together 
on surface in a substantially similar manner to 
conventional drill pipe. To this end, the tubing section 
end portions 16 are provided with appropriate pin and box 
5 couplings. The thus formed tubing string may be run into 

a drilled bore 30 to an appropriate depth, and the tubing 
string then unfolded and expanded to create a substantially 
constant bore larger diameter tubing string of diameter D t . 
The unfolding and the expansion of the tubing string may be 

10 achieved by any appropriate method, though it is preferred 

that the expansion is achieved by means of a rolling 
expander, such as described in WO00\37771, and US Serial 
No. 09\46 9,643, the disclosures which are incorporated 
herein by reference. The running and expansion process 

15 will now be described in greater detail with reference to 

Figure 5 of the accompanying drawings . 

Figure 5 of the drawings illustrates the upper end of 
a tubing string 32 which has been formed from a plurality 
of tubing sections 12 as described above. The string 32 

20 has been run into a cased bore 30 on the end of a running 

string 34, the tubing string 32 being coupled to the lower 
end of the running string 34 via a swivel (not shown) and 
a roller expander 36. In this particular example the 
tubing string 32 is intended to be utilised as bore- lining 

25 casing and is therefore run into a position in which the 

upper end of the string 3 2 overlaps with the lower end of 
the existing bore-lining casing 38. 

The expander 35 features a body 40 providing mounting 
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for, in this example, two sets of rollers 42, 44. The 
lower or leading set of rollers 42 are mounted on a conical 
body end portion 46, while the upper or following set of 
rollers 44 are mounted on a generally cylindrical body 
portion 48. The rollers 44 are mounted on respective 
pistons such that an increase in the fluid pressure within 
the running string 34 and the expander body 4 0 causes the 
rollers 44 to be urged radially outwardly. 

On reaching the desired location, the fluid pressure 
within the running string 34 is increased, to urge the 
rollers 44 radially outwardly. This deforms the tubing 
section end portion 16 within which the roller expander 3 6 
is located, to create points of contact between the tubing 
section end portion outer surface 50 and the inner face of 
the casing 38 at each roller location, creating an initial 
hanger for the tubing string 32. The running string 34 and 
roller expander 36 are then rotated. As the tubing string 
32 is now held relative to the casing 38, the swivel 
connection between the roller expander 3 6 and the tubing 32 
allows the expander 36 to rotate within the upper end 
portion 16. Such rotation of the roller expander 36, with 
the rollers 44 extended, results in localised reductions in 
thickness of the wall of the tubing section upper end 
portion 16 at the roller locations, and a subsequent 
increase in diameter, such that the upper end portion 16 is 
expanded into contact with the surrounding casing 3 8 to 
form a tubing hanger. 

With the fluid pressure within the running string 34 
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and roller expander 3 6 being maintained, and with the 
expander 36 being rotated, weight is applied to the running 
string 34, to disconnect the expander 36 from the tubing 32 
by activating a shear connection or other releasable 
coupling. The expander 36 then advances through the tubing 
string 32. The leading set of rollers 42 will tend to 
unfold the folded wall of the transition portion 20 and 
then the intermediate portion 18, and the resulting 
cylindrical tubing section is then expanded by the 
following set of rollers 44. Of course, as the expander 36 
advances through the string 32, the expansion mechanisms 
will vary as the expander 36 passes through cylindrical end 
portions 16, transitions portions 20, and folded 
intermediate portions 18. 

Once the roller expander 3 6 has passed through the 
length of the string 32,* and the fluid pressure within the 
running string 34 and expander 3 6 has been reduced to allow 
the rollers 44 to retract, the running string 34 and 
expander 36 may be retrieved through the unfolded and 
expanded string 32. Alternatively, before retrieving the 
x'unning string 34 and expander 36, the expanded string 32 
may be cemented in place, by passing cement slurry down 
through the running string 34 and into the annulus 52 
remaining between the expanded string 32 and the bore wall 
54 . 

It will be apparent to those of skill in the art chat 
the above ^described embodiment is merely exemplary of the 
present invention, and that various modifications and 
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improvements may be made thereto without departing from the 
scope of the invention. For example, the tubing described 
in, the above embodiment is formed of solid-walled tube. In 
other embodiments the tube could be slotted or otherwise 
5 apertured, or could form part of a sandscreen. 

Alternatively, only a relatively short length of tubing 
could be provided, for use as a straddle or the like. 
Also, the above described embodiment is a "C- shaped" folded 
form, and those of skill in the art will recognise that the 

10 present application has application in a range of other 

configuration of folded or otherwise deformed or deformable 
tubing. Further, the present invention may be useful in 
creating a lined monobore well, that is a well in which the 
bore-lining casing is of substantially constant cross- 

15 section. In such an application, the expansion of the 

overlapping sections of * casing or liner will be such that 
the lower end of the existing casing is further expanded by 
the expansion of the upper end of the new casing. 
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CLAIMS 

1. Downhole apparatus comprising a plurality of tubing 
sections, each tubing section having substantially 
cylindrical end portions initially of a first diameter for 
5 coupling to end portions of adjacent tubing sections and 

being expandable at least to a larger second diameter, and 
intermediate folded wall portions initially in a folded 
configuration and being unfoldable to define a 
substantially cylindrical form of a third diameter. 

10 2. The apparatus of claim 1, wherein transition portions 

are provided between the end portions and the intermediate 
portions of each tubing section, and said transition 
portions are deformable by a combination of both unfolding 
and expansion. 

15 3. The apparatus of claim 1 or 2 , wherein the end 

portions are threaded. 

4. The apparatus of any of claims 1, 2 or 3 , wherein the 
first diameter is smaller than the third diameter. 

5. The apparatus of any of claims 1 to 4 , wherein the 
20 second and third diameters are substantially the same. 
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of claims 1 to 4 , wherein the 
portion is expandable from the 
fourth diameter. 


7. The apparatus of claim 6, wherein the fourth diameter 
is substantially the same as the second diameter. 


8. A method of lining a bore comprising the steps: 

providing a plurality of tubing sections, each tubing 
section having substantially cylindrical end portions of a 
first diameter and an intermediate folded wall portion in 
a folded configuration; 

coupling the tubing sections together via the end 
portions to form a tubing string; 

running the tubing string into a bore; and 
reconfiguring the tubing string by expanding the end 
portions at least to a larger second diameter and unfolding 
the intermediate folded wall portions to define a 
substantially cylindrical form of a third diameter. 


9. The method of claim 8, further comprising 
reconfiguring transition portions between the end portions 
and the intermediate portions by a combination of both 
unfolding and expansion. 


10. The method of claim 8 or 9, comprising threading the 
tubing sections together. 
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11. The method of claims 8, 9 or 10, wherein the first 
diameter is smaller than the third diameter. 

12. The method of any of claims 8 to 11, wherein the 
second and third diameters are substantially the same. 

5 13. The method of any of claims 8 to 12, further 

comprising the step of expanding the unfolded intermediate 
wall portions from the third diameter to a larger fourth 
diameter. 

14. The method of claim 13, wherein the fourth diameter is 
10 substantially the same as the second diameter. 

15. The method of any of claims 8 to 14, wherein at least 
one of the unfolding and expansion steps is achieved by 
rolling expansion utilising a rotating body carrying one or 
more rolling members. 

15 16. The method of claim 15, wherein both the unfolding and 

expansion steps are achieved by rolling expansion . 

17. The method of claim 15 or 16, wherein the unfolding 
step is achieved by rotation and axial advancement of a set 
of rolling members arranged in a conical or tapered form. 

20 18. The method- of claim 15, 16 or 17, wherein the 

expansion step is achieved by a set of rolling members 
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arranged to be urged radially outwardly into contact with 
the tubing section wall. 

19. The method of any of claims 8 to 18, wherein the 
unfolding step is achieved by bending of the tubing wall. 

20. The method of any of claims 8 to 19, wherein the 
expansion step is achieved by radial deformation of the 
wall, reducing the wall thickness and thus increasing the 
wall diameter. 

21. A method of creating a bore liner, the method 
comprising : 

providing a tubing section having a folded wall and 

describing a folded diameter; 

- ■> 

running the tubing section into a bore; 

unfolding the wall of the tubing section to define a 
larger unfolded diameter; and 

expanding the unfolded wall of the tubing section to 
a still larger diameter. 

22. The method of claim 21, wherein at least one of the 
unfolding and expansion steps is achieved by rolling 
expansion utilising a rotating body carrying one or more 
rolling members. 

23. The method of claim 22, wherein the unfolding step is 
achieved by rotating and advancing a set of rolling members 
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arranged in a conical form or having a tapered form. 


24: The method of claim 22 or 23, wherein the expansion 
step is achieved by rotating and advancing a set of rolling 
members arranged to be urged radially outwardly into 
5 contact with the unfolded tubing section wall. 

25. The method of any of claims 21 to 24, wherein the 
unfolding is achieved by simple bending of the tubing wall. 

26. The method of any of claims 21 to 25, wherein the 
expansion is achieved by radial deformation of the wall, 

10 reducing the wall thickness and thus increasing the wall 

diameter. 

27. The method of any" of claims 21 to 26, wherein the 
tubing section is formed of a plurality of pipe sections 
which are connected at surface to make up a tubing string. 

15 28. The method of any of claims 21 to 27, wherein an upper 

portion of the tubing section is deformed initially, into 
contact with a surrounding wall, to create a hanger and to 
fix the tubing section in the bore. 

29. The method of claim 28, wherein said upper portion is 
20 initially substantially cylindrical and is expanded to 

create the hanger. 
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30. The method of any of claims 21 bo 29, wherein the 
tubing section is expanded into contact with the bore wall 
over at least some of the length of the tubing section. 

31. The method of any of claims 21 to 30, wherein an 
annulus remains between the tubing section and the bore 
wall, and the annulus is at least partially filled by a 
settable material. 
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